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ABS TRACT 

This  r e p o r t  desc r ibes  the  second phase of experiments designed 

t o  determine t h e  c r i t i c a l  process  v a r i a b l e s  i n  t h e  manufacturing of aero-  

space nickel-cadmium cells. 

of plaque s i n t e r i n g  experimental  d a t a  and s e t t i n g  up of t h e  impregnation 

This  second phase included a d d i t i o n a l  ana lyses  

and p o l a r i z a t i o n  process  fo r  c e l l  p l a t e s .  

a s tudy of s epa ra to r  materials and ceramic- to-metal  seals. 

Also covered i n  t h i s  phase was 

Work cont inued on t h e  a n a l y s i s  of t h e  plaque manufacturing data .  

Analysis of va r i ance  h a s  shown t h a t  85% of t h e  t o t a l  v a r i a t i o n  occurs  w i t h i n  

any i n d i v i d u a l  plaque. It w a s  f u r t h e r  concluded t h a t  a 2% v a r i a t i o n  is 

introduced i n t o  t h e  plaque by v i r t u e  of t h e  manufacturing process .  

Regression equat ions  w e r e  determined wi th  and without  i n t e r a c t i o n s .  

The r e s u l t s  w e r e  compared and i t  w a s  determined t h a t  t h e r e  are  s i g n i f i c a n t  

i n t e r a c t i o n s  f o r  t h i s  manufacturing process .  Temperature, b e l t  speed and 

dewpoint e f f e c t s  are non-l inear  due t o  these  i n t e r a c t i o n s .  Hot zone tempe- 

r a t u r e ,  b e l t  speed, dewpoint, weight and second cool ing  zone temperature 

cause r e l a t i v e l y  s t rong  e f f e c t s  on plaque c h a r a c t e r i s t i c s .  B e l t  speed i s  

e a s i l y  con t ro l l ed  but  improved c o n t r o l s  are recommended fo r  dewpoint and 

temperatures of h o t  zones and cool ing  temperatures .  

Addit ional  use  w a s  made of  t h e  r e g r e s s i o n  equat ion t o  p r e d i c t  

v a r i a b i l i t y  of t h e  plaque manufacturing process  w i t h i n  the  normal to l e rance  

range of  t h e  equipment. 

of t h i s  v a r i a b i l i t y  s tudy f o r  two (2)  p a r t i c u l a r  equipment s e t t i n g s .  

The fol lowing conclusions w e r e  made as a r e s u l t  

i 



A. An inc rease  of  30°F i n  temperature a t  1760°F causes  a 2% decrease 

i n  void  and th i ckness  and a n  inc rease  i n  s t r e n g t h  of 12%. 

However, t h i s  same inc rease  a t  1860'F can cause no change i n  

void  o r  th ickness  and can cause diminished s t r e n g t h s  of 5-6%. 

B. An i nc rease  i n  b e l t  speed of 1 inch/minute w i l l  cause less than  

a 1% change i n  void  and th ickness .  S t r eng th  changes of less 

than 2%were  shown a t  1760°F but  a 6% s t r e n g t h  decrease w a s  

p red ic t ed  a t  1860°F wi th  t h i s  i nc rease  i n  b e l t  speed. ' 

C. Dewpoint e x h i b i t s  e s p e c i a l l y  s t r o n g  a f f e c t s  f o r  only a p lus  o r  

minus change of 5°F. 

a t  1860°F wi th  s t r e n g t h  changes of up t o  40%. 

Thickness and void  changes of 5%were seen 

Dewpoint e f f e c t s  

are most pronounced on the  l i g h t e s t  weight plaques.  

D. A change of 20 c fh  of  atmosphere amount causes  no change i n  

void  o r  th ickness  and less than  1% i n  s t r eng th .  

E. Close spacing is  most d e s i r a b l e  f o r  uniform plaques.  

F. A 16°F inc rease  i n  temperature of t he  f i r s t  cool ing  zone water 
' 

increases th ickness  and void i n  t h e  range of 0.0 t o  0.7%, and 

' i nc reases  s t r e n g t h  approximately 2,5%. 

G. A 16°F inc rease  i n  temperature of t h e  second cool ing zone water 

p red ic t ed  l a rge  inc reases  i n  s t r e n g t h  and s i g n i f i c a n t  changes i n  

void  and th ickness .  

H. A plaque weight i nc rease  w i l l  i nc rease  th i ckness  and void.  

S t r eng th  is  increased  a t  1760°F as plaque weight i s  i n d e a s e d ,  

but  a t  1860°F s t r e n g t h  i s  decreased as plaque weight i s  increased.  

J " 
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I. INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t o  develop a process  procedure 

and c o n t r o l  f o r  manufacturing nickel-cadmium aerospace cel ls  wi th  r e l i a b l e  

f i v e  (5) year  l i f e  c a p a b i l i t y .  I n  o rde r  t o  achieve  these  o b j e c t i v e s ,  each 

component p a r t  w i l l  be i n v e s t i g a t e d  s e p a r a t e l y  and c o l l e c t i v e l y  t o  determine 

the  c r i t i c a l  v a r i a b l e s  and r e l a t e d  i n t e r a c t i o n s .  

The t o t a l  program c o n s i s t s  of four  ( 4 )  d i s t i n c t ,  y e t  i n t e r r e l a t e d  

phases. The f i r s t  phase cons i s t ed  of  a d e t a i l e d  a n a l y s i s  of our procedures 

i n  conjunct ion wi th  a review of p e r t i n e n t  l i t e r a t u r e  of nickel-cadmium 

b a t t e r i e s  t o  assess c r i t i c a l  v a r i a b l e s  of t h e  v a r i o u s  processes  t h a t  a f f e c t  

c e l l  performance. The second phase w i l l  involve t h e  eva lua t ion  and t e s t i n g  

( v e r i f i c a t i o n )  of t he  v a r i a b l e s  and t h e i r  i n t e r r e l a t i o n  as determined i n  

Phase 1. This  w i l l  inc lude  a design of experiments t o  experimental ly  

i d e n t i f y  c r i t i c a l  v a r i a b l e s  and t o  e s t a b l i s h  to l e rances  requi red  for  uni-  

form performance. Phase 3 inc ludes  t h e  d e t a i l e d  p repa ra t ion  of a Qual i ty  

and R e l i a b i l i t y  Assurance Program, Acceptance and Manufacturing Flow Sheets  

and a complete hardware s p e c i f i c a t i o n  t h a t  can be p r a c t i c a l l y  implemented 

i n  a c o s t  e f f e c t i v e  manner. 

'8-716-p-23, In te r im Model S p e c i f i c a t i o n  f o r  High R e l i a b i l i t y  Nickel-Cadmium 

Spacecraf t  Cells." 

t h e  r e s u l t s  of Phases 1 through 3 on a product ion bas i s .  This  e f f o r t  

w i l l  "prove out"  t h e  conclusions and w i l l  e s t a b l i s h  both v a l i d i t y  of con- 

cept  and a p p l i c a b i l i t y  t o  product ion equipment and o v e r a l l  ope ra t iona l  

c a p a b i l i t y .  During t h i s  phase,  t he  d e l i v e r a b l e  items of s epa ra t ion ,  

p o s i t i v e  and negat ive  p l a t e s  w i l l  be prepared. Also, 20 nickel-cadmium 

ce l l s  of 20 ampere-hour s i z e  w i l l  be manufactured t o  the  developed procedure.  

In spec t ion  l e v e l s  w i l l  be 100% minimum and complete t r a c e a b i l i t y  maintained. 

This  s p e c i f i c a t i o n  w i l l  be pa t t e rned  a f t e r  

The Fourth Phase of t h e  program w i l l  be t o  implement 
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The first quarter of this program was devoted to investigating 

A the dry-sintering process used in manufacturing porous nickel plaque. 

factorial experiment was designed to examine the sintered plaque character- 

istics as a function of the process variables. The data gathered from this 

experiment were analyzed using a step-wise multiple regression technique 

designed for use with the IBM 1130 computer. At the completion of analysis, 

plaques with different characteristics were selected for use in the impreg- 

nation factorial experiment. After the impregnation study, these plaques 

will be characterized both electrically and physically to determine the 

effects of sintering and impregnation variations. Tolerance limits will be 

selected and plates will be produced for a production lot of cells. 

are also being conducted on other component parts, such as, separators, 

ceramic-to-metal seals, welding techniques, etc. At the completion of these 

component studies, cells will be built and investigated for such things as 

electrolyte amount, positive-negative ratio, compression, etc. The cells 

produced at the completion of the program will be placed on Life Cycle Testing 

and cycled to failure. 

Studies 
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ANALYSIS OF DATA-PLAQUE MANUFACTURING STUDY 

A. Computer Programming 

A t  t he  c l o s e  of t he  l as t  In te r im Report ,  Run No.  9 (mid l e v e l  

run)  had been completed but  t h e  da t a  had no t  been included i n  

t h e  e i g h t  (8) previous plaque runs  f o r  a n a l y s i s .  The 8 previous run 

a n a l y s i s  had been used t o  p r e d i c t  t he  outcome of Run No. 9 and a 

s e r i e s  of comparisons ( a c t u a l  v s .  p red ic ted)  were presented.  

Seve ra l  changes were i n s t i t u t e d  t o  shor ten  the  ( f u t u r e )  t i m e  of 

analyzing the  data by t h e  Gardner Mul t ip l e  Regression Program. 

A d i s k  f i l e  w a s  se tup  and the  r eg res s ion  program modified t o  read  

t h i s  f i l e .  The f i l e  i s  loaded wi th  up t o  60 v a r i a b l e s  and 750 

observa t ions  ( t o t a l  t o  da t e )  using a separate s c a l i n g  and t rans-  

formation program. The s c a l i n g  ( -1  t o  +1) r o u t i n e  i s  not  p a r t  of 

t he  Gardner Program (See Sec t ion  B below). 

r e s u l t e d  i n  a s i g n i f i c a n t  reduct ion  i n  computer running time. 

B. Reason For and Procedure For Codinp of Independent Var iab les  

This change i n  procedure 

The r a w  da ta  c o n s i s t s  of independent v a r i a b l e s  i n  the  o r i g i n a l  

engineer ing u n i t s ;  f o r  example, temperatures of approximately 1700°F 

t o  th icknesses  of 0.025", e t c .  The r e s u l t i n g  c b e f f i c i e n t s  would 

range from very  small numbers t o  very  l a r g e  numbers. This  p re sen t s  

d i f f i c u l t i e s  as very  l a r g e  numbers o r  very  small numbers p re sen t  

computation e r r o r s  or  numbers l a r g e r  than t h e  c a p a b i l i t y  of the,computer 

program. 

ducibly scales numbers s o  they r e f l e c t  t h e  a c t u a l  run  va lues  and provides  

ready comparison among the  c o e f f i c i e n t s .  

"code" the  v a r i a b l e s  by running through each v a r i a b l e  t o  f i n d  the 

I n  order  t o  " leve l"  t h e  va lues ,  a system i s  followed t h a t  repro-  

A program is a v a i l a b l e  t o  

maximum and minimum va lue  of each and then compute each v a r i a b l e  t o  

- 3 -  



f i n d  t h e  maximum and minimum va lue  of each and then  compute each 

v a r i a b l e  by p r o r a t i o n  g iv ing  a +1.000 va lue  t o  t h e  maximum and 

-1.000 t o  the  minimum. The response o r  responses  are, of course,  

n o t  changed. 

f o r  each are punched i n  a new deck f o r  f u t u r e  coding of p r e d i c t i o n  

l e v e l s  i f  des i red .  Rounding e r r o r s  and s u b t r a c t i o n  and a d d i t i o n  

e r r o r s  are lessened.  The s tandard  p r e c i s i o n  of t h e  IBPj 1130 is 

6 f i g u r e  accuracy so  i f  numbers are sub t r ac t ed  l a r g e r  than 6 f i g u r e s ,  

a n  e r r o r  w i l l  be ' in t roduced ,  

i n  Draper and Smith, Applied Regression Analysis ,  p. 148, John Wiley, 

1966. 

The "raw" d a t a  i s  now "coded". The maxima and minima 

A d i scuss ion  o f  t h e s e  la t ter  po in t s  i s  

In  o rde r  t o  improve the  accuracy of t h e  models, i n t e r a c t i o n s  

of t h e  v a r i a b l e s  are in t roduced  as a d d i t i o n a l  v a r i a b l e s .  To lower 

t h e  number of v a r i a b l e s ,  only f i r s t  o rde r  i n t e r a c t i o n s  are used 

(e.g. temperature  x dewpoint, e tc) .  F i t t i n g  a curve (equat ion)  i s  

s i m p l i f i e d  by making t h e  product  as raw da ta  and then coding t h e  new 

v a r i a b l e .  Thus, t he  product  range from product  of smaller numbers 

(-1) t o  l a r g e r  numbers (+l)o I f  the  i n t e r a c t i o n s  were made from 

coded o r i g i n a l  v a r i a b l e s ,  t he  progress ion  of numbers would be more 

complex s i n c e  a +1 could arise from the  product o f  2 l a r g e  numbers 

(+1 x +1) as w e l l  a s  from 2 smal l  numbers (-1 x -l)o The computer 

program, thus b u i l d s  t h e  new v a r i a b l e s  ( i n t e r a c t i o n s )  before  t h e  

coding takes  place.  The d a t a  is  b u i l t  i n t o  a permanent d i s k  f i l e  

so  from one r a w  d a t a  ( o r i g i n a l  v a r i a b l e s )  deck, any new da ta  set 

wi th  i n t e r a c t i o n s  can be a v a i l a b l e  f o r  t h e  r eg res s ion  programs, 

- 4 -  



C. E r r o r  Variance Analysis  

Analysis of va r i ance  f o r  t h e s e  da t a  r e q u i r e s  some modi f ica t ion  

from t h a t  u sua l ly  performed on d a t a ,  Each plaque r e s u l t e d  i n  9 

samples (observat ions)  and each run  produced 6 plaques.  There 

i s  thus  an  e r r o r  va r i ance  a s s o c i a t e d  with plaques and an  e r r o r  

a s s o c i a t e d  wi th in  runs.  The plaque e r r o r  i nc ludes  experimental  

e r r o r  and v a r i a t i o n s  w i t h i n  ind iv idua l  plaques.  The e r r o r  a s soc i -  

a t e d  wi th  runs inc ludes  these  e r r o r s  and v a r i a t i o n s  from plaque t o  

plaque. There are f i v e  (5) r e p l i c a t e d  runs  (1-5) and four  ( 4 )  not  

r e p l i c a t e d  which provide a n  estimate of e r r o r  from run  t o  runo  

Table Number I t a b u l a t e s  t he  a n a l y s i s  of va r i ance  da t a  necessary.  

From t h e  s tandpoin t  of product ion,  t he  estimate of sigma i n  

Table Number I: t h a t  i s  most meaningful i s  t h e  ' h i t h i n  runs  and 

r e p l i c a t e s ' '  i n  each. This  i n d i c a t e s  t h e  v a r i a b i l i t y  t o  be expected 

when f r e s h  s t a r t - u p s  w i l l  t ake  p lace .  The c o e f f i c i e n t  of  v a r i a t i o n  

(est. o f  sigma/mean as %) i s  a u s e f u l  index. These are: 

- ITEM WITHIN RUNS & REP. WITHIN PLAQUES 
COEF. OF VARIATION COEF. OF VARIATION 

S t r eng th  = 15.4% = 13,3% 

Void = 5.10% 

Thickness = 4.11% 

= 4.4% 

= 3.5% 

Weight = 2,46% = 2.1% 

To reduce t h e s e  v a r i a t i o n s ,  o t h e r  c o n t r o l s  would have t o  be 

i n s t i t u t e d  than were used during these  runs.  These da t a  can se rve  

as a b a s e l i n e  f o r  any change made. It i s  i n t e r e s t i n g  t o  note  t h a t  

approximately 85% of t h e  v a r i a t i o n  is w i t h i n  an ind iv idua l  plaque,  

- 5 -  



TABLE NUMBER I 

ANALYSIS OF VARIANCE (ERROR ANALYSIS) 

(1) Response: S t r e n g t h  (Mean = 507.9) 

- DF 2% 

T o t a l  749 22745646. 
Within Plaques 666 3025477. 
Within Runs 736 4276397. 
Within Runs & Reps. 741 4508849, 
Between Runs & Reps. 8 18236798. 

(2) Response: Void (Mean = .02295) 

T o t a l  749 .002383 
Within Plaques 666 .0006688 
Within Runs 736 ,001004 
Within Runs & Reps. 741 .001014 
Between Runs & Reps. 8 .001369 

(3) Response: Thickness (Mean = .02876) 

T o t a l  749 .002369 
Within Plaques 666 .0006796 
Within Runs 7 36 .001022 
Within Runs & Reps. 741 .001034 
Between Runs & Reps. 8 .001334 

(4) Response: Weight/2 sq. in .  (Mean = 1.6935) 

T o t a l  749 1.4381 
Within Plaques 666 .8386 
Within Runs 736 1.1512 
Within Runs & Reps. 741 1.2812 
Between Runs & Reps. 8 .1569 

LEGEND 

MS - 
30368. 
4543. 
5810. 
6085. 

2279600. 

.000003181 

.00001004 

.000001364 
,000001368 
.00017 11 

.000003162 

.000001020 

.000001388 

.000001396 
0001668 

.001919 

.001259 

.001564 

.001729 

.01961 

5 - 
174 3 
67.4 
76.2 
78.0 

1510. 

.00178 . 00 1002 

. 00 1167 

.001170 

.01308 

.1778 

.001010 
001178 
.001182 
.01291 

.04381 

.03548 

.0395 

.04158 

.1400 

DF = Degrees Freedom 
SSQ= Sum of Squares 
MS = Mean Square = SSQ t DF 
S = Sigma = Square Root of MS 
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Do Mul t ip l e  Regression Analysis-Development of Equation 

To eva lua te  the  e f f e c t  o f  t h e  independent v a r i a b l e s  i n  t h e  mat r ix ,  

m u l t i p l e  r eg res s ion  ana lyses  w e r e  made wi th  and without  a l l  poss ib l e  

f i r s t  o rde r  i n t e r a c t i o n s  among t h e  independent v a r i a b l e s .  Responses 

were s t r e n g t h ,  vo id  and thickness .  The independent v a r i a b l e s  are: 

1. Hot Zone Temperature 

2. B e l t  Speed 

3 ,  Dewpoint of Atmosphere 

4 ,  Atmosphere Amount 

5. Plaque Spacing 

6, 

7 .  

8. Plaque Sequence 

9. Weight of 2 sq. in .  

The r eg res s ion  equat ions were der ived  w i t h  and without  i n t e r a c t i o n s  

F i r s t  Cooling Chamber Water Temperature 

Second Cooling Chamber Water Temperature 

and t h e  models (equat ions)  are presented i n  t h e  Appendix, Af t e r  

d e r i v a t i o n  of t h e  r eg res s ion  equat ions ,  they w e r e  checked a g a i n s t  

t he  known d a t a  p o i n t s ,  t h a t  i s ,  experimental  runs  1 through 8 of 

t h e  f r a c t i o n a l  f a c t o r i a l  and Run 9 ,  t h e  mid-level runo  

The d a t a  were analyzed by a m u l t i p l e  r e g r e s s i o n  -computer program 

(Gardner Program discussed  previous ly)  both wi th  and without  i nc lus ion  

of i n t e r a c t i o n s  among the  independent v a r i a b l e s .  The independent 

da t a  ma t r ix  w a s  f i r s t  formed ( i n t e r a c t i o n s  formed) as r a w  da t a  except  

temperature i n  which the  decimal w a s  moved 3 d i g i t s .  Following t h i s ,  

each v e c t o r  was coded wi th  maximum equal  t o  +1, and t h e  minimum equal  

t o  -1, and a l l  va lues  were p ro ra t ed  between t h e s e  extremes, 

v a r i a b l e s  are numbered i d e n t i c a l l y  t o  t h e  l i s t  above. The i n t e r a c t i o n s  

The 
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are shown i n  Exh ib i t  No. 1 i n  t h e  Appendix. These v a r i a b l e s  "numbers" 

correspond t o  t h e  "x" numbers i n  the  Appendix, E x h i b i t s  2 - 4 of the  

models (equat ions)  f o r  each response ( s t r eng th ,  vo id  and th ickness) .  

The r eg res s ions  were solved wi thout  and w i t h  i n t e r a c t i o n s  and the  

"value" of t he  more complicated model can be judged by comparing 

t h e  squared mul t ip l e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each. These are 

l i s t e d  below i n  Table No .  11. 

TABLE NUMBER I1 

MULTIPLE CORRELATION COEFFICIENTS 
(SQUARED) FOR VARIOUS MODELS 

RZ - 
St reng th ,  No I n t e r a c t i o n s  .746 

St reng th ,  With I n t e r a c t i o n s  .850 

Void, No I n t e r a c t i o n s  D 554 

Void, With I n t e r a c t i o n s  607 

Thickness,  N o  I n t e r a c t i o n s  .551 

Thickness,  With I n t e r a c t i o n s  .605 

This  c o e f f i c i e n t  i s  l m i n u s  t h e  r a t i o  of t h e  r e s i d u a l  sum o f  squares.  

over t h e  t o t a l  sum of  squares .  The "sum of  squares"  is  a measure of 

t h e  v a r i a b i l i t y  of t h e  da t a  s o  t h i s  c o e f f i c i e n t  measures the  "amount" 

accounted f o r  by t h e  model ( v a r i a b l e s ) .  There i s  an apprec i ab le  

i n c r e a s e  f o r  t h e  i n t e r a c t i o n  models over t h a t  inc luding  no i n t e r a c t i o n s ,  

The o the r  s ta t i s t ica l  terms have been re ferenced  ear l ier ,  When 

t h e  c o e f f i c i e n t s  are small, t he  program p r i n t s  them i n  '73'' format a t  

t h e  r i g h t  s ide .  The s i g n  and i n t e g e r s  fol lowing the  l 'E"  i s  t h e  loga- 

r i t h m i c  c h a r a c t e r i s t i c  and shows t h e  d i g i t s  t o  s h i f t  t he  decimal (- t o  

t h e  l e f t ;  smaller) To g raph ica l ly  show a model e f f e c t i v e n e s s ,  

- 8 -  



Figure 1 shows a p l o t  of t he  r e s i d u a l s  (p red ic t ion  from model - 
a c t u a l  observat ion)  ve r sus  t h e  observat ion.  A random s c a t t e r  

shows no v a r i a b l e s  predominately causing e f f e c t s .  

shows the  va lues  of t he  r e s i d u a l s  r e s u l t i n g  from the  750 obser- 

va t ions  o r i g i n a l l y  used t o  se tup  the  models. 

This a l s o  

Having q u i t e  complex models such a s  these ,  i t  i s  r e l a t i v e l y  

easy t o  c r e a t e  a vec to r  among the  i n t e r a c t i o n s  which i s  beyond 

t h a t  found i n  the  o r i g i n a l  da ta  maxima or  minima. Obviously i n  

c r e a t i n g  the  mat r ix  f o r  p red ic t ing  some s e t  of va lues ,  t he  same maxima 

and minima must be used a s  was used t o  c r e a t e  the  model. I f  some 

vec to r  exceeds these  l i m i t s  e i t h e r  p o s i t i v e l y  or  nega t ive ly ,  an 

ex t r apo la t ion  may r e s u l t .  Since the  model i s  very  complex, t h i s  

ex t r apo la t ion  may r e s u l t  i n  a pred ic ted  response t h a t  has  a l a r g e  

e r r o r  a s soc ia t ed  wi th  it. Besides g iv ing  a response q u i t e  d i f f e r e n t  

from t h a t  expected, t he  s tandard e r r o r  of t he  p red ic t ion  ( Y ) ,  which 

the  program p r i n t s  fo r  each, w i l l  be s u b s t a n t i a l l y  g rea t e r  than the  

o r i g i n a l  data  values .  By p r i n t i n g  the  va lues  f o r  the  X mat r ix  a f t e r  

coding, t he  ex t rapola ted  vec to r  can r e a d i l y  be loca ted .  
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E. Use of t h e  Regress ion  Equation (See Appendix, Exh ib i t s  2-4) 

The der ived  equat ion  (mathematical  model) is  very  usefu l .  

This  equat ion  can be used t o :  

(1) Assess V a r i a b i l i t y  Within t h e  Process 

(2)  P r e d i c t  Plaque C h a r a c t e r i s t i c s  f o r  Various Furnace S e t t i n g s  

(3) Optimizat ion of t h e  Process 

(1) Assess V a r i a b i l i t y  Within t h e  Process  

This  i s  done by programming maximum and minimum 

to l e rance  l e v e l s  f o r  each of t h e  independent v a r i a b l e s  

i n t o  the  computer. Each v a r i a b l e  i s  he ld  cons tan t  

except  t h e  one being inves t iga t ed  which can be va r i ed  

h igh  and low t o  determine the  e f f e c t  of changing t h i s  

p a r t i c u l a r  v a r i a b l e .  I n  t u r n ,  a l l  of the  independent 

v a r i a b l e s  can be analyzed t o  determine the  e f f e c t  upon 

t h e  process .  This  a n a l y s i s  has  been performed f o r  the  

9 independent v a r i a b l e s  a t  va r ious  s e t t i n g s  of t h e  

furnace and va r ious  changes of t h e  o ther  independent 

v a r i a b l e s .  The nominal s e t t i n g s  and the  amount of 

v a r i a t i o n  programmed i n t o  the  computer are shown i n  the  

fol lowing t ab le .  

TABLE I11 

ANALYZED VARIATION FOR THE 
PLAQUE MANUFACTURING INDEPENDENT VARIABLES 

RANGE OF 
INDEPENDENT VARIABLE NOMINAL SETTING VARIATION 

Hot Zone Temperature 
B e l t  Speed 
Dewpoin t 
Atmosphere Amount 
S pa cing 
Cooling Zone 1 
Cooling Zone 2 
Plaque Sequence 
Weight of 2 sq.in.  

1760"F, 1860°F 30°F 
6 in/min 1 in/min 
25"F, 35°F 10°F 
800 c fh  20 c f h  
0.1" 1.8" 
180°F, 75°F 16°F 
83'F, 100°F 16°F 
6 2 
1.757 gm, 1.920 gm 0.24 gram 
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The computer run  w a s  made and t h e  fol lowing conclusions were 

made fo r  t h i s  v a r i a b i l i t y  s tudy : 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

An inc rease  of  30°F i n  temperature  a t  1760°F causes  a 2% decrease  

i n  vo id  and th i ckness  and a n  inc rease  i n  s t r e n g t h  of 12%. 

However, t h i s  same inc rease  a t  1860°F can cause no change i n  

void o r  th ickness  and can cause diminished s t r e n g t h s  of 5-6%. 

An i n c r e a s e  i n  b e l t  speed of 1 inch/minute w i l l  cause less than  

a 1% change i n  vo id  and th ickness .  S t rength  changes of less 

than 2% w e r e  shown a t  1760°F but  a 6% s t r e n g t h  decrease w a s  

p red ic t ed  a t  1860°F wi th  t h i s  i nc rease  i n  b e l t  speed. 

Dewpoint e x h i b i t s  e s p e c i a l l y  s t r o n g  a f f e c t s  f o r  only a p l u s  o r  

minus change of 5°F. 

a t  1860°F and s t r e n g t h  changes of up t o  40%. 

are most pronounced on t h e  l i g h t e s t  weight plaques.  

A change of f 10 cfh  of atmosphere amount causes  no change i n  

void o r  th ickness  and less than 1% i n  s t r eng th .  

Close spacing i s  most d e s i r a b l e  f o r  uniform plaques.  

A 16°F inc rease  i n  temperature of t he  f i r s t  cool ing  zone water 

inc reases  th ickness  and vo id  i n  t h e  range of 0.0 t o  0.7%, and 

inc reases  s t r e n g t h  approximately 2.5%. 

A 16°F inc rease  i n  temperature of t h e  second cool ing  zone water 

p red ic t ed  l a r g e  inc reases  i n  s t r e n g t h  and s i g n i f i c a n t  changes i n  

void  and th ickness .  

A plaque weight i nc rease  obviously inc reases  th ickness  and void.  

S t r eng th  i s  increased  a t  1760°F as plaque weight i s  increased ,  

bu t  a t  1860°F s t r e n g t h  is  decreased as plaque weight is  increased.  

Thickness and void  changes of  5% were seen 

Dewpoint e f f e c t s  

NOTE: Supporting d a t a  are presented  i n  t h e  Appendix as Exh ib i t  5. 
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(2) P r e d i c t  Plaque C h a r a c t e r i s t i c s  f o r  Product ion S e t t i n g s  

The equat ion can be used t o  p r e d i c t  plaque c h a r a c t e r i s -  

t i c s  fo r  a product ion run.  I n  t h i s  manner, c e r t a i n  

equipment l i m i t a t i o n s  could be overcome by inves t iga -  

t i o n  and computation of t h e  a l t e r n a t i v e  furnace s e t t i n g s .  

This  would lead  t o  opt imiza t ion  of  t h e  process .  

(3) Optimizat ion of t h e  Process 

The complex i n t e r a c t i o n s  have shown t h a t  t h e  process  

, shou ld  be optimized by a n a l y s i s  of e x i s t i n g  da ta .  

example, i t  w a s  shown t h a t  a plaque weight i nc rease  

r e s u l t e d  i n  a s t ronge r  plaque a t  1760"F, bu t  a weaker 

plaque a t  1860°F. 

For 

It i s  planned t o  perform t h i s  op t imiza t ion  process  

s i m i l a r l y  i n  technique t o  the  v a r i a b i l i t y  assessment 

descr ibed  i n  (1) above. Var i a t ions  of each independent 

v a r i a b l e  w i l l  be programmed l a r g e r  than those  used i n  

t he  above a n a l y s i s .  Also, more tes t  da t a  are being 

accumulated. These d a t a  w i l l  be added t o  t h e  da ta  of 

Runs 1-9 t o  improve the  r eg res s ion  equat ion  and t o  

reduce e r r o r  i n  the  a n a l y s i s  (shown as S .  E. (Y) ) .  

These da t a  are being made a v a i l a b l e  from product ion 

runs  and o the r  independent furnace i n v e s t i g a t i o n s .  

Addit ional  da t a  w i l l  be accumulated on changes of dew- 

p o i n t  and changes of cool ing zones. 
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111. IMPREGNATION-POLARIZATION EXPERIMENT 

A. WEGNATION-POLARIZATION PROCESS 

The impregnation-polarization process is the means by which the 

active material is applied in a porous nickel plaque. 

by soaking under vacuum a porous nickel plaque in either nickel or cadmium 

nitrate solutions. 

the plaques are immersed in either potassium hydroxide (KOH) or sodium hydroxide 

(NaOH) and a cathodic polarizing current applied. 

This step is accomplished 

In order to convert the nitrates to the desired hydroxides, 

The impregnated plaques are then washed and dried. This process is 

repeated until the plaques are impregnated with the desired amount of active 

material. 

B. EXPERIMENTAL DESIGN 

The designed experiments for the impregnation of polarization study 

will be conducted to obtain information on the effect of production parameters 

and error variance. This design, like that used for the raw plaque study 

previously reported, is a partially replicated fractional factorial-of a 

sequential series type using twenty-one (21) variables and three (3)  responses. 

The variables, their designation and levels are listed in Tables IVand V. 

TABLE IV 
POSITIVE IMPREGNATION STUDY 

Variables 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Designation 

Specific Gravity of Nickel Nitrates 
Free Acid 
Temperature of Nitrate 
Time of Impregnation 
Vacuum 
Wash Time 

Wash (Number of Cycles) 
Wash Water Temperature 
pH of Wash Water 
Type of Caustic 
Specific Gravity of Caustic 
Temperature of Caustic 

c 13 - 

Levels 

1.700 - 1.800 
1 - 4 gm/liter 
140°F - 200°F 
15 minutes - 1 hour 
0 - 15 Inches 
10 Minutes - 30 Minutes 

1 - 3  
R.T.  - 150°F 
Measured 
KOH - NaOH 
1.200 - 1.300 
80°F - 150°F 



Variab les  

1 3  
1 4  
15  
16 
1 7  
18 

19 
20 
2 1  

TABLE I V  (Cont .) 

POSITIVE IMPREGNATION STUDY 

Designat ion 

Amount of NH3 i n  Caus t ic  
Amount of C02 i n  Caus t ic  
Amount of OH i n  Caus t ic  
P o l a r i z a t i o n  Current  
P o l a r i z a t i o n  T i m e  
Voltage of Plaque t o  Ref. E lec t rode  

Amount of Cycles w i t h  Same Caus t ic  
Number of T o t a l  Cycles 
Type of Plaque 

Levels 

Measured 
Measured 
Measured 
.1 - .4 amps/sq.in. 
1 5  Minutes - 1 Hour 
Measured 

1 - 5  
Measured 
3 Types 

Responses 
1. Pick-up Weight 
2.  Capacity 
3 .  P l a t e  Tes t ing  (Charac te r iza t ion)  These tests w i l l  be d e t a i l e d  i n  the 

Third Quar t e r ly  Report .  

TABLE V 

NEGATIVE IMPREGNATION STUDY 

Var iab les  

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 
1 6  
1 7  
18 

19 
20 
2 1  

Responses 

Designat ion 

S p e c i f i c  Gravi ty  of C a d m i u m  Nitrate 
Free Acid 
Temperature of Nitrate 
T i m e  of Impregnation 
Vacuum 
Wash T i m e  

Wash (Number of Cycles) 
Wash Water Temperature 
pH of Wash Water 
Type of Caus t ic  
S p e c i f i c  Gravi ty  of Caust ic  
Temperature of Caus t ic  

Amount of N H 3  i n  Caus t ic  
Amount of C02 i n  Caus t ic  
Amount of OH i n  Caus t ic  
P o l a r i z a t i o n  Current 
P o l a r i z a t i o n  T i m e  
Voltage of Plaque t o  Ref. E lec t rode  

Amount of Cycles wi th  Same Caus t ic  
Number of T o t a l  Cycles 
Type of Plaque 

Levels 

1.800 - 1.900 

110°F - 140°F 
. 2  - .5 gm/ l i t e r  

15  Minutes - 1 Hour 
0 - 15 Inches 
10 Minutes - 30 Minutes 

1 - 3  
R.T. - 150°F 
Measured 
KOH - NaOH 
1.200 - 1.300 
80°F - 150°F 

Measured 
Measured 
Measured 
.1 - .4 h p s / s q . i n .  
15 Minutes - 1 Hour 
Measured 

1 - 5  
Measured 
3 Types 

1. Pick-up Weight 
2 .  Capacity 
3 .  P l a t e  Tes t ing  (Charac te r iza t ion)  

These tests w i l l  be d e t a i l e d  i n  the  Third Quar t e r ly  Report .  - 14 - 



A l l  t h e  v a r i a b l e s  w i l l  be measured and t h e  a c t u a l  numbers, 

no t  t he  design l e v e l s ,  w i l l  be used i n  the  a n a l y s i s .  

Three types of  r a w  plaque material  have been s e l e c t e d  f o r  

impregnation. One i s  a very  low s t r e n g t h ,  h igh  p o r o s i t y  plaque 

produced a t  a low s i n t e r i n g  temperature.  

groups are success ive ly  s t ronge r  plaques.  These plaques w i l l  be  

used f o r  both p o s i t i v e  and negat ive  experiments.  The s e t t i n g s  f o r  

t hese  plaques were s e l e c t e d  as a r e s u l t  of t h e  plaque i n v e s t i g a t i o n s  

conducted during t h e  f i r s t  q u a r t e r .  Complete d a t a  f o r  t hese  plaques 

w i l l  be included i n  t h e  Third Quar te r ly  Report ,  

The second and t h i r d  

A l l  t h r e e  types of plaques w i l l  be impregnated t o  t h e  above 

mentioned program plan. 

be used t o  complete t h e  a n a l y s i s  f o r  t h e  r a w  plaque s tudy conducted 

during t h e  f i r s t  q u a r t e r  of t h i s  program, 

C, Experimenting Equipment 

The da ta  gained from t h e s e  plaques w i l l  

The equipment used f o r  t h e  impregnation/polarization study i s  

an  exac t  scale down of the  product ion equipment. F igures  2 and 3 

show 

and power suppl ies .  The vacuum tank i s  equipped wi th  a vacuum gage, 

thermocouples, v o l t a g e  t a p s ,  power connectors  and s u c t i o n  fan,  The 

s to rage  tanks have independent,  c o n t r o l l e d  induc t ion  hea t ing  systems 

under t h e  t h i c k l y  in su la t ed  s i d e  w a l l s .  Current  f o r  p o l a r i z a t i o n  i s  

suppl ied  by t h r e e  (3)  Rapid E lec t r i c  Power Suppl ies  (Model S-550). 

A l l  w a t e r  used during the  experiments w i l l  be suppl ied  by a Model 

HB-455-1 Deionizing Unit  produced by I l l i n o i s  Water Treatment Company 

(See F igure  4 ) ,  This  u n i t  has a 350 ga l /h r .  rate wi th  

t h e  vacuum impregnation t anks ,  n i t r a t e / c a u s t i c  s to rage  tanks 
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a 40,000 ga l lon  capac i ty  a t  a p u r i t y  l e v e l  of  less than 3 ppm. 

Laboratory equipment has been assembled t o  conduct t h e  r equ i r ed  

chemical a n a l y s i s  on t h e  n i t r a t e s  and c a u s t i c  used. 

D. Experiment Tes t ing  and Cont ro l  

In  order  t o  main ta in  t h e  v a r i a b l e s  a t  t h e i r  proper levels,  

as shown i n  t h e  program plan ,  i t  w i l l  be necessary t o  measure c e r t a i n  

p r o p e r t i e s .  

t he  a c t u a l  measurement w i l l  be used i n  t h e  r e g r e s s i o n  a n a l y s i s .  

Although an  e f f o r t  w i l l  be made t o  hold  t h e  des i r ed  l e v e l s ,  

S p e c i f i c  g r a v i t y  of t he  s o l u t i o n s  w i l l  be measured wi th  hydro- 

meters. Free ac id  of t h e  n i t r a t e s  w i l l  be measured using the  t i t r a t i o n  

method of D r .  A. F l e i s c h e r  
1 

Temperatures w i  11 be read wi th  thermometers and thermocouples. 

Vacuum can be measured with t h e  vacuum gauge i n s t a l l e d  i n  t h e  tank cover.  

P o l a r i z a t i o n  c u r r e n t s  w i l l  be measured us ing  shunts  on the  l i n e  fo r  each 

power connector going t o  the  tank as can be seen i n  F igure  3 .  Chemical 

a n a l y s i s  of t he  n i t r a t e s  and c a u s t i c  w i l l  be conducted t o  measure the  

amounts of OH, C02 and NH3. 

by t i t r a t i o n .  The s tandard  double end po in t  t i t r a t i o n  method w i l l  be 

used f o r  C02 content ,  

d i s t i l l a t i o n - t i t r a t i o n  method using 4% b o r i c  a c i d  w i l l  be used. 

Chemical a n a l y s i s  of t he  OH conten t  w i l l  be 

To determine t h e  NH3 content ,  a modified Kje ldahl  

Each plaque and subsequent p l a t e s  w i l l  be weighed t o  determine 

t h e  amount of a c t i v e  material picked up i n  t h e  po rousn icke l  plaque. 

dimensional a n a l y s i s  w i l l  be done on each plaque before  and a f t e r  impreg- 

na t ion  t o  determine i t s  dimensional s t a b i l i t y .  E l e c t r i c a l  capac i ty  tests 

w i l l  be conducted on the  t es t  samples t o  measure t h e  a c t u a l ,  useable  

a c t i v e  material. These e l e c t r i c a l  tes ts  w i l l  be run on tes t  samples 

using a Hg/HgO re fe rence  e l ec t rode  and w i l l  be connected as shown i n  

A 

Figure 5 .  An a t tempt  w i l l  be made t o  use t h e  Four Point  Bend Test 
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P Ammeter 

B Sintered Nickel Counterelectrodes 

C Test Sample 

D HglHgO Reference Elect rode 

SINGLE PLATE TEST SCHEMATIC 

FIGURE 5 
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before and after impregnation to determine the affect of impregnation 

on the physical strength. 
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I V .  BATTERY SEPARATOR STUDY 

The f i r s t  t a s k  i n  t h i s  s tudy i s  t o  develop accu ra t e  and predic-  

t a b l e  methods f o r  sc reening  non-woven nylon sepa ra to r  materials. Test 

methods used by va r ious  people and organiza t ions  connected wi th  t h e  b a t t e r y  

indus t ry  have been inves t iga t ed .  The tes t  methods used o r  recommended by 

t h e  NASA In ter im Spec i f i ca t ion2 ,  F l e i sche r  & Cooper3, T T .  T. King', Pe l lon  

Corporation 5 , t h e  GAG-OAO Spec i f ica t ion '  and Eagle-Pick r are l i s t e d  i n  

Table V I .  

The s tudy thus  f a r  has  been confined t o  the  non-woven nylon type 

sepa ra to r  m a t e r i a l s .  The f i n a l  ob jec t ive  of t h i s  s tudy i s  t o  ob ta in  

t e s t i n g  methods which w i l l  g ive  t h e  most a c c u r a t e  and r epea tab le  r e s u l t s  

t o  be used i n  screening  sepa ra to r  material. 

Future  work w i l l  inc lude  the  comparison of d i f f e r e n t  t e s t i n g  

methods on the  same l o t  of s e p a r a t o r s  and t h e  f e a s i b i l i t y  of t e s t i n g  

sepa ra to r  m a t e r i a l s  under compression. 

A procurement and t e s t i n g  s p e c i f i c a t i o n  w i l l  be QT-epared f o r  

non-woven nylon sepa ra to r  material  during t h e  t h i r d  quarter. 
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v. CERAMIC-TO-mTAL SEAL COVER ASSENBLIES 

There are two p e r t i n e n t  r e p o r t s  t h a t  have been prepared regard-  

i n g  ceramic-to-metal t e rmina l  cover assemblies  f o r  hermet ica l ly-sea led  

cel ls  which are e s p e c i a l l y  u s e f u l  f o r  nickel-cadmium c e l l  des igners  and 

b a t t e r y  use r s .  

Hermetic Sea l s  f o r  Secondary Alka l ine  Spacecraf t  Cells "(Final Report  

NAS5-10432) (Ref. 7). by D r .  Wi l la rd  S c o t t  of T R W  and t._e paper presented  

by M r .  R. A. Steinhauer  (Ref. 8 )  of Hughes A i r c r a f t  Comparly a t  t h e  NASUGSFC 

Workshop on November 17, 1970. It i s  recommended t h a t  a l l  b a t t e r y  ce l l  

des igners  and c e l l  and b a t t e r y  u s e r s  be f a m i l i a r  wi th  these  r e p o r t s  as 

they con ta in  e x c e l l e n t  d e s c r i p t i o n s  of cu r ren t  s t a t e -o f - the -a r t  and 

important design parameters t h a t  must be considered f o r  t he  development 

of high r e l i a b i l i t y  ceramic-to-metal seals. The following d i scuss ion  

p resen t s  s p e c i f i c  areas and recommendations based on Eagle-Picher experience 

and are  submit ted t o  complement t h e  above two r e p o r t s .  

These r e p o r t s  are "A Study of t h e  State-of- the-Art  of  

A s p e c i f i c a t i o n  f o r  q u a l i t y  c o n t r o l  of ceramic-to-rnetal t e rmina l  

cover assemblies  f o r  hermet ica l ly-sea led  nickel-cadmium c e l l s  i s  being 

prepared. Source Cont ro l  Drawings w i l l  be  prepared fo r  each manufacturer 

which a l s o  con ta in  provis ions  f o r  Source con t ro l  of component p a r t s .  

This  Source Control  Drawing w i l l  be complemented wi th  a Qua l i ty  Assurance 

S p e c i f i c a t i o n  wi th  t h e  format as ou t l ined  below. Ceramic assemblies w i l l  

be procured us ing  t h e s e  s p e c i f i c a t  ions and drawings f o r  d e l i v e r a b l e  cells  

on t h i s  con t r ac t .  

The metal p a r t s  used i n  t h e  ceramic-to-metal seal c o n s i s t  of 

t h e  c e l l  cover , te rmina ls ,  stress r e l i e f  c o l l a r s ,  and braze cups or  caps.  



The c e l l  cover is  manufactured of s t a i n l e s s  steel  wi th  t h e  p r e f e r r e d  

material being 304L per  QQS-766 

has  a l s o  been s a t i s f a c t o r i l y  used. The only major d i f f e r e n c e  i n  the two 

m a t e r i a l s  is  the  percentage of carbon which i s  1/2% g r e a t e r  i n  Type 304. 

Condition A. Type 304 s t a i n l e s s  s t ee l  

Terminals are manufactured from s t a i n l e s s  steel  or n i cke l .  

Nickel  i s  gene ra l ly  p r e f e r r e d  by Eagle-Picher due t o  i t s  b e t t e r  conduc- 

t i v i t y .  Also,  t h e  machineabi l i ty  of s t a i n l e s s  steel p resen t s  some prob- 

lems. Nickel 270, as suppl ied  by I n t e r n a t i o n a l  Nickel ,  i s  p r e f e r r e d ,  

This  n i c k e l  i s  t h e  p u r e s t  n i c k e l  commercially a v a i l a b l e .  

been used, bu t  p o r o s i t y  problems of  t h i s  n i c k e l  have l e d  t o  l eak  problems 

of ceramic t o  metal seals. I n t e r n a t i o n a l  Nickel was consul ted on t h i s  

problem and recommended the use of Nickel 270 t o  e l imina te  t h e  f i s s u r e s  

and porous a reas  caused by i m p u r i t i e s  i n  t h e  less pure grades o f  n i c k e l ,  

Nickel 200 has  

S t r e s s  r e l i e f  c o l l a r s  and upper braze  cups,  a l s o  r e f e r r e d  t o  

as s l e e v e s  and caps ,  can be manufactured from pure n i c k e l  o r  n i cke l - i ron  

a l l o y  42 o r  52. The use of n i c k e l  is  no t  recommended fo r  t h e  a c t i v e  metal 

system where t h e r e  i s  contac t  w i th  t i t an ium,  as l o c a l  n i c k e l  a l l o y i n g  

wi th  t i t an ium occurs.  

because of i t s  c l o s e r  matching thermal expansion c o e f f i c i e n t  t o  t h a t  of 

t h e  ceramic i n s u l a t o r .  

improve w e t t a b i l i t y  during t h e  brazing opera t ion .  

t o  be copper p l a t e d  and appears  t o  be a good compromise f o r  t h e s e  p a r t s ;  

however, t he  n i c k e l  i r o n  a l l o y s  are no t  cor ros ion  r e s i s t a n t  and must be 

p ro tec t ed  from humidity exposure t o  prevent  cor ros ion  and eventua l  leakage 

problems 

Alloy 42  i s  p r e f e r r e d  f o r  t h e  a c t i v e  metal system 

However, a l l o y  42 p a r r s  must be copper p l a t e d  t o  

Alloy 52 does no t  need 
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Ceramic i n s u l a t o r s  are a v a i l a b l e  i n  many v a r i e t i e s  of  alumina. 

The 94 t o  95% alumina conten t  ceramic bodies  have been used i n  most n i c k e l  

cadmium s p a c e c r a f t  b a t t e r i e s  t o  d a t e ,  Ceramic bodies  are a v a i l a b l e  from 

s e v e r a l  vendors i n  t h e  gene ra l  class of 94% minimum, 99% minimum, and 

u l t r a -h igh  p u r i t y  var ie t ies  of alumina such as Coors AD999 and Vis ta l ,  

o r  G. E,  Lucalox, It is d i f f i c u l t  t o  assess t h e  improvement t o  be gained 

from higher  alumina conten t  ceramic al though leakage pa ths  (c racks)  a t  

t h e  ceramic braze  i n t e r f a c e  have been The braze i n t e r f a c e  area 

conta ins  fused g l a s s  phases.  It fol lows then  t h a t  removal of t h e  s i l ica  

content  from t h e  ceramic i n s u l a t o r  would be des i r ab le .  This  would be 

t r u e  except  t h a t  t he  m e t a l l i z i n g  material and i t s  formula must be changed 

wi th  d i f f e r e n t  alumina conten ts .  With t h e  molymanganese system, s i l i ca  

must be added t o  t h e  m e t a l l i z i n g  agent ;  w i th  t h e  active metal system, 

we are advised t h a t  no g l a s sy  phases need be added i n  t h e  metallizers. 

The composition of  t h e  m e t a l l i z i n g  l a y e r  o r  t h e  m e t a l l i z i n g  material is 

gene ra l ly  p ropr i e t a ry .  

The braze a l l o y  employed has  been t h e  s i l v e r  copper e u t e c t i c  

f o r  many space type  u n i t s .  

mately 5% paladium i n  t h e i r  brazing a l l o y  f o r  a number of  space q u a l i f i e d  

seals t o  improve co r ros ion  r e s i s t a n c e .  This  r e s u l t s  i n  a composition of 

27% copper,  68% s i l v e r ,  and 5% paladium. 

Also Ceramaseal, Inc,  has  incorpora ted  approxi- 
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Prel iminary work has  begun on a q u a l i t y  assurance s p e c i f i c a t i o n  

f o r  t he  manufacture of ceramic-to-metal seals. This s p e c i f i c a t i o n  is  

divided i n t o  the  following a reas :  

I. Mate r i a l s  Tes t ing  

A. Metal Parts 

B. Ceramic I n s u l a t o r s  

C. Brazing and Meta l l i z ing  Mate r i a l s  

11. Cleaning and Handling 

A. Cleaning Metal P a r t s  

B. Cleaning Ceramic 

C.  Handling 

D. Storage 

111. Manufacturing 

A. Brazing Operations 

B. Welding 

IV. Test ing 

A. S t a r t  Up - Q u a l i f i c a t i o n  

B. 100% Test ing 

V. Packaging 
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V I .  CONCLUSIONS AND RECOMMENDATIONS 

1. Analysis  of va r i ance  has shown t h a t  85% of the  t o t a l  v a r i a t i o n  

occurs  w i t h i n  any i n d i v i d u a l  plaque. It i s  f u r t h e r  concluded 

t h a t  a 2% v a r i a t i o n  i s  introduced i n t o  t h e  plaque by v i r t u e  

of t h e  manufacturing process .  

It i s  recommended t o  pursue a d d i t i o n a l  work co reduce the  2% 

v a r i a t i o n  inhe ren t  i n  t h e  process .  This  work should concent ra te  

on uniformity improvement of i n d i v i d u a l  plaques.  

It i s  concluded t h a t  t h e r e  are  s t rong  i n t e r a c t i o n s  i n  t h e  plaque 

manufacturing process .  

2. 

3 .  

4 .  Temperature, b e l t  speed and dewpoint e f f e c t s  are non-l inear  due 

t o  i n t e r a c t i o n s .  

5. Hot zone temperature ,  b e l t  speed, dewpoint, weight and second 

cool ing  zone temperature cause r e l a t i v e l y  s t rong  e f f e c t s  on plaque 

c h a r a c t e r i s t i c s .  

R e l a t i v e l y  h igh  degrees  of con t ro l  (with r e spec t  t o  amount of 

change) are a v a i l a b l e  f o r  atmosphere amount, b e l t  speed and 

spacing,  

6. 

7. Improved c o n t r o l s  are recommended f o r  temperature of ho t  zones 

and cool ing chambers, and c o n t r o l  of dewpoint. 

8. It i s  a l s o  recommended and planned t o  conduct f u r t h e r  op t imiza t ion  

s t u d i e s  f o r  manufacturing n i c k e l  plaques.  
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V I I .  PROGRAM PLAN 

The following areas w i l l  be i n v e s t i g a t e d  during t h e  t h i r d  

q u a r t e r  of t h e  con t r ac t .  

1. Impregnation, p o l a r i z a t i o n ,  and formation s t u d i e s  

w i l l  be continued. 

2. Based on the  test  r e s u l t s  from t h e  f i r s t  exper i -  

mental  runs ,  i t  i s  planned t o  a l t e r  t h e  f a c t o r i a l  

design experiment t o  provide d a t a  with less t o t a l  

time r equ i r ed  t o  perform t h e  experiments.  It w i l l  

be necessary t o  reduce t h e  number of experiments 

i n  order  t o  do the  work i n  a t imely manner. 

3 .  Addit ional  tes ts  w i l l  be performed on t h e  th ree  ( 3 )  

runs  o f  unimpregnated plaque whichare being used f o r  

t h e  impregnation s tudy.  

4 .  The sepa ra to r  s p e c i f i c a t i o n  s h a l l  be prepared. 

5. The plaque q u a l i t y  assurance s p e c i f i c a t i o n  w i l l  be 

f i n a l i z e d .  

6. Ceramic-to-metal seal  source  c o n t r o l  drawing w i l l  

be prepared f o r  t he  cover assemblies  t o  be purchased 

f o r  t h e  c o n t r a c t ,  

7 .  The c e l l  tes t  study w i l l  be formally planned. 
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A P P E N D  I X  



E X H I B I T  1 

VARIABLE NUMBERS FOR CORRESPONDING INTERACTIONS 
U S I N G  A 9 VARIABLE MATRIX 



E X H I B I T  2 

MODEL FOR THICKNESS 
US ING INTERACT IONS 

x 
1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
1 4  
1 5  
16  
17 
1 8  
19 
2 0  
2 1  
2 2  
2 3  
74 
25 
26  
27 
2 8  
2 9  
70 
3 1  
32 
3 3  
3 4  
3 5  
3 6  
37 
3 8  
3 9  
4 0  
41 
42 
43  
44 
45 
4 6  

RSQR X 
0.9995 
0.99135 
0.9997 
0.9999 
0 .9994  
0 .9999  
1.00138 
0 0 9 9 9 3  

0 .9998 
0 .9999  
0.9999 
0 .9907 
0 1 9 9 7 9  
0.9988 
0 .9984  
0 0 9 9 5 3  
1 .0121 
0 .9918 
1 .0078 
3.9385 
3.9926 
1 .0090 
0.9987 
1.0063 
0 . 9 9 9 0  
0.9865 
0.9987 
1.0013 
1.0018 
0.9934 
0.9622 
1 0 0 0 5 5  

-0.2991 
1 .0156 
0.9381 
O r 9 7 4 7  
0 .9962 
0 .9527 
0 .9914 
0 .9972 
1.0006 
0.9989 
1 .0014  

0 ~ 9 8 9 9  

CONSTANT 
00271278E-01  

R COEF 
0.0039 
0 .0020 
0 .0015 
0 .0063 
0 * 0 0 2 4  

-3.0134 
0 0 0 0 6 7  

- 0 0 0 0 4 0  
3.0015 

- 3 0 0 0 3 3  
-0 .0060  

0 0 0 1 2 3  
-0.3143 

0 .0041  
-0 I) 0 0  1 3 

9.0018 
-3 .0022 

0.0025 
-0.0002 
-0oc)017 
-0 .0000 

0.0007 
- 0 * 0 0 0 7  
-0.0032 
-0000G4 

0.0120 
-0.0023 
- 0 0 0 0 7 8  

0.0019 
0.0014 

-0.0029 
-0.0)c110 

0.0021 
-0 0 0  1 7 
-0 .0008  
-0.0000 
-0 .0000  

0 .0004  
0 .0004  
3.0012 
0.0011 
0 0 0 0 0 9  
Om0014 

-0 0 0  13 
WJLT F 

24.57 

s u e )  
0 0 8 0 2 4  
0.0011 
0.0045 
0.0051 
0.0017 
0.0056 
ooi )o30  
3 r 0 0 2 4  
0.0015 
0.007‘3 
0 .0054 
0 . 0 3 5 4  
0 .0051 
Om0014 
0.0028 
9.0316 
0.0008 
0.0004 
0.0006 
0.0036 
0 0 0 0 0 3  
0.0006 
0.0007 
000015 
0.0007 
QaOO17 
0.0006 
0 .0023 
0.0012 
00G012 
0.0007 
0.00’33 
0.0007 
0.0000 
0.0004 
0.0002 
0.0002 
0.0009 
0.0003 
3.0005 
0 0 0 0 1 4  
0 .0039 
0.0i)ZO 
0.0012 

T 
1.62 
1 .77  
3.33 
1.22 
1 . 3 5  

-2.38 
2.25 

-1.69 
0.95 

-0.48 
-1.11 
2.28 

- 2  7 7  
2.86 

-0.45 
1.16 

-2.53 
5.44 

-0.40 
-2.73 
-0. 14 
1.08 

-1 0 4  
-2.11 
- 0 0 5 6  

6 .93  
-3.33 
-3.41 

1.49 
1.17 

-3.89 
-2.70 

2.99  
- 4 3  0 9 6  

-2.14 
-0.04 
-0.17 
0.42 
1.40 
2.18 
0.79  
0.23 
0.71  

-1.04 

ANA 
0 .  
0 .  
0 .  
0 .  
0 .  

- 0 .  
0 .  

-0 .  
O b  

- 0 .  
-0 . 

0 .  
-0. 

0 .  
- 0  . 
0. 

-0 .  
2 .  

-0 .  9u. 
- 0  . 

0 .  
-0 .  
-0 . 
- 0 .  
0. 

-0 .  
-0  . 

0 .  
0. 

- 0 .  
-0 . 

0 .  
-0 .  
-0 .  
-0 .  
-0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

- 0 .  

L Y S I S  OF Y 

200483E-02 
151467E-02 
635395E-02 
24  38 82  E-02 
134953E-01 
676428E-02 
408308E-02 
150703E-02 
338785E-02 
604179E-02 
12348OE-01 
143094E-01 
418990E-02 
130762E-02 
189183E-02 
224552E-02 
255702E-L22 
268951E-03 
17 7 146E-i)2 
458826E-94 
7002’366-1433 
751334E-03 
3232916-02 
4423696-03  
120326E-01 
231117E-02 
789921E-02 
190849E-02 
141 855E-02 
293936E-02 
132036E-02 
218696E-02 
176538E-02 
862212E-03 
112796E-04 
529188E-04 
413589E-03 
472265E-03 
129391E-02 
114000E-02 
912335E-03 
147520E-02 
136015E-02 

3 9 7 a i 5 ~ - 0 2  

D F 1  DF2 R S Q R  RESIDUAL 
44 7 0 5  0.605 Or1325987E-05  

1 



X 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 1  
12 
14 
1 5  
16 
17 

19 
20 
2 1  
2 2  
2 3  
24 
2 5  
26 
27 
28 
29 
30 
3 1  
3 2  
3 3  
34 
3 5  
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

i e  

RSQR X 
009995 
009985 
0.9997 
009999 
009994 
009999 
1.0008 
009993 
009899 
0.9998 
009999 
009999 
0.9997 
0.9979 
0.9988 
0.9953 
100121 
009918 
100078 
0.9385 
0 .9926  
100090 
0.9987 
100063 
0.9980 
0.9865 
0.9981 
1.0013 
100018 
009934 
0 0 9 6 2 2  
100055 

-0.2991 
lo0156 
0.9381 
0.9747 
009962 
009527 
0.9914 
0 .9972  
100006 
0.9989 
100014 

0.9984 

EXHIBIT 3 

MODEL FOR V O I D  USING INTERACTIONS 

B COEF 
000043 
0.0021 
0.0023 
000061 
000028 

-0oQ142 
0.0075 

00.0042 
000010 

1.000045 
m000060 
0.0129 

-000154 
000043 

-3.0009 
000018 

0000023 
000025 
-00 0 0 9 3  
.1000015 
-0.0000 
0.0005 

-000004 
-0 0 00 34 

0.0126 
-000023 
-0.0084 
000019 
000014 

~ 0 0 0 0 3 1  
-0 0 00 10 
0.0022 

m000017 
-0.0010 
0.0000 

-0.0001 
000005 
000004 
0.0012 
0.0011 
000006 
000015 

~0000t3 

-0.oo04 

S E ( B )  
000024 
0.0011 
000045 
000051 
000017 
000056 
O o O O 3 0  
0.0024 

000070 
0.0054 
010054 
000051 
000014 
0.0026 
000016 
O o o o i ) 8  
0 0 0 0 0 4  
000006 
000006 
000003 
3 0 9 0 0 6  
000007 
0.0015 
000037 
000017 
010006  
0.0023 
0.0012 
0.0012 
010007 
000003 
000007 
0.0300 
000004 
0.0002 
0.0002 
0 0 ~ 0 ~ 3  
0 0 0 0 0 5  
Or0014 
000035 
0.0020 
010012 

0.0015 

ob0009  

CONSTANT MULT F OF1 OF2 I i S Q i i  I I E S I D U ~ L  
01210579E-01 24.76 44 705 0.607 001327772E-05 



X 
1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
1 4  
1 5  
16  
17  
18  
1 9  
20  
21  
22 
23 
24  
25 
26 
27 
2 8  
29  
30 
3 1  
32 
33 
34  
3 5  
36 
37 
3 8  
39  
4 0  

43 
4 4  
45 
46 

2: 

E X H I B I T  4 

MODEL FOR STRENGTH U S I N G  INTERACTIONS 

RSQR X 
0 .9995 
0.9985 
0.999’1 
0.9999 
0.9994 
0.9999 

0.9993 
0.9899 
0.9998 
0.9999 
0 , 9 9 9 9  
0.9997 
0.9979 
0.9988 
0.9984 
0.9953 

0.9918 
1.0078 
0.9385 
0.9926 
1.0090 
0.9987 
1.0063 
0.9980 
0.9865 
0.9987 
1.0013 

0.9934 
0.9622 
1.0055 

-0.2991 
1.0156 
0 .9381 
0.9747 
0.9962 
O r 9 5 2 7  
0.9914 
0.9972 

0.9989 
1.0014 

l b 0 0 0 8  

1.0121 

l b 0 0 1 8  

l b 0 0 0 6  

6 C O E F  
-7 11 8 3 6 6  
-2 7 0  e OS 5 8 
-332.0055 

-64.5635 
-1092.5688 

2241.1455 
-2073.5190 

4 18‘. 9 8  3 5 
-408 9 1 57 
1 0 6 7 .  58 1 5  

5 0 8  a 3200 
-2045.2849 

2771.8266 
-3 8 4  a66 1 6  
-149.4142 

-64  a6407 
168.1247 
-46 e 40 5 1 
214.9610 

-335 e61 13 
38.3354 

292.9634 
-7 5 9  890  1 

8 37.6492 
-248 e 67 3 3 

- 1 7 7 9 r 7 4 1 2  
159.4689 

1336.7436 
-141.6998 

-61.1337 
595 r 6 9 8 2  

6 1 r 9 6 8 7  
-5  7 3  4 822  8 

1 7 3 .  8 7 2 4  
401.2891 

-11.9186 
-3 16 4 3  5 9 

36 0 9 1  
-64 .  $1 9 1  

3 8 r 1 2 4 1  
809.8768 

-278.9562 
96.0971 

-49 .4943 

SE‘BA 
1 4 7 a 1 9 4  

68.2929 
275.6882 
3 1 2 6 2 7 6 6  
1 0 8  2 42 3 
340  7 4 9  5 
18&93OO 
1 4 5 r  5 554  

9448270  
423.6339 
3 26 e 046 5 
3 2 6 r 2 6 2 3  
3 1 1 r 4 1 0 9  

08.3513 
172  a 1 5 0 2  

9 7 a 8 1 7 7  

28.3203 
39.7407 
39.0048 

4 3 6 4 6 9 4  
91.5216 
47.2845 

1 0 4 4 5 6 9 9  
41.8363 

1 3 9 r 6 6 1 7  
76.7382 
73.0579 
4 5 4 5 1 5 1  
22.7101 
44.0088 

53.4379 

1’8.8933 
38.9793 

2.4218 
2 4 r 2 a 2 8  
14.8462 
1 7 ~ 8 2 7 7  
59.2106 
2 0 r 2 6 5 4  
35.7152 
8 6 6 0 1 4 1  

2 38 6084 2 
125.1  175 
78.1869 

T 
-4.83 

- 0 6 2 0  
-10.09 

-11.46 

-4.31 
2.52 
le55 

-6.26 
8.90 

- 4 r 3 5  
-Or86 
-0.66 

3.14 
-1.63 

5.40 
-8 .60  

7.51 
-17645 

9.15 
-5.25 

0 1 7 , O l  
3 6 8 1  

-0.83 
1 3 r 3 8  

2.72 
- 1 3 6 0 3  

71.79 
16.52 

-0.61 

0.15 
0.44 
3.40 

..3b95 
-1.20 

6.57 

2.87 

2.02 

9.57 
+.a4 

-3  I) 3 3  

-5 b 3 4  

-1.81 

-2.22 
1.22 

CONSTANT MULT F D F 1  DF2 RSUR R E S I D U A L  
561.53027 9 1 r 1 6  44 735 0.850 4822.89942 
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EXHIBIT 5E 
RESULTS OF VARIABILITY A1iALYSIS 
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